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DESCRIPTION 



METHOD OF ACOUSTIC SIGNAL REPRODUCTION 

5 

TECHNICAL FIELD 
[000l]The present invention relates to methods of acoustic signal 
reproduction, for reducing crosstalk that is generated at the time of 
using a mobile terminal. 

10 

BACKGROUND ART 
[0002]Conventional crosstalk cancellers are characterized by a filter 
having a transfer function for canceling crosstalk components 

15 arriving at the listener's right/left ear, in regard to the transfer 
function through which virtual acoustic image corresponding to input 
signals is considered to arrive at the listener's right/left ear. 
[0003] 
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DISCLOSURE OF THE INVENTION 
[0004]Up to now, there have existed filters having a transfer function 
for canceling crosstalk components arriving from loudspeakers, at 
5 the listener's right/left ear, however, such filters have been incapable 
of properly reducing inter-loudspeaker crosstalk components inside 
the casing of a mobile terminal. Therefore, when input signals are 
expected to produce stereophonic effects, mobile terminals have not 
realized three-dimensional sound image localization. [0005]ln a 

10 method of acoustic signal reproduction in a mobile terminal with at 
least two loudspeakers accommodated inside the casing thereof, a 
crosstalk canceling method of the present invention comprises 
Processing Step 1 of reducing spatial crosstalk that is generated, with 
respect to input signals to the loudspeakers, in a space ranging from 

15 the loudspeakers to the listener's ears, and Processing Step 2 of 

reducing crosstalk that is generated between the loudspeakers inside 
the casing, with respect to Processing- Step- 1-processed signals. 
[0006] 

In a method of acoustic signal reproduction in a mobile 
20 terminal with at least two loudspeakers accommodated inside a 
casing the mobile terminal, a crosstalk canceling method of the 
invention comprises Processing Step 1 of reducing spatial crosstalk 
that is generated, with respect to the input signals of the 
loudspeakers, in a space ranging from loudspeakers to the listener's 
25 ears, and Processing Step 2 of reducing crosstalk that is generated 
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between the loudspeakers inside the casing, with respect to 
Processing- Step-1 processed signals, allowing the mobile terminal to 
realize three-dimensional (3D) sound image localization when the 
input signals are anticipated to produce the stereophonic effects. 

5 

BRIEF DESCRIPTION OF DRAWINGS 
[0007]Fig. 1 is a diagram illustrating a reproduction model of spatial 
reproduction system inside a casing in Embodiments 1 through 6; 
10 Fig. 2 is a conceptual diagram of crosstalk cancellation in 

Embodiment l>Fig. 3 is a conceptual diagram of crosstalk 
cancellation in Embodiment 2; 

Fig. 4 is a conceptual diagram of crosstalk cancellation in 
Embodiment 3; 

15 Fig. 5 is a conceptual diagram of crosstalk cancellation in 

Embodiment 4; 

Fig. 6 is a conceptual diagram of crosstalk cancellation in 

Embodiment 6>"Fig. 7 is a diagram illustrating a reproduction model of 

spatial reproduction system inside a casing in Embodiment 7; 
20 Fig. 8 is a conceptual diagram of crosstalk cancellation in 

Embodiment 1\ and 

Fig. 9 is a conceptual diagram of crosstalk cancellation in 

Embodiment 7. 

[0008] 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0009] 

Embodiment 1. 

5 The inventor's study has revealed that when a speaker-rear 

air chamber is used in common in order to downsize a casing of a 
mobile terminal, there occurs a phenomenon in that sound waves 
being emanated from one loudspeaker acoustically couple with each 
other inside the casing, and leak out into the other loudspeaker. 

10 This acoustic coupling is referred to as in-casing crosstalk. 

The left part of Fig. 1 is a modeling of this phenomenon. It has also 
turned out that there has occurred a phenomenon in that sound 
waves emanated from one loudspeaker, while supposed to arrive at 
either ear of a listener, couple with each other at the other ear and 

15 leak thereinto. This acoustic coupling is referred to as spatial 
crosstalk. The right part of Fig. 1 is a modeling of this phenomenon. 
[0010] 

A first loudspeaker 1R (one loudspeaker) and a second 
loudspeaker 1L (the other loudspeaker) each illustrated in Fig. 1 are 

20 housed inside a mobile terminal, not shown, and the speaker-rear air 
chamber is shared. Furthermore, as shown in the Figure, a transfer 
function for a driving signal LD, as altered by at least acoustic 
couplings inside the casing until emitted from the first loudspeaker, 
is represented by HLR, and a transfer function for a driving signal 

25 RD, as altered by at least acoustic couplings inside the casing until 
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emitted from the first loudspeaker, is represented by HRL. 
Moreover, a transfer function for the driving signal RD, for driving 
the first loudspeakerlR, as altered by amplifier and loudspeaker 
characteristics and the like until emitted from the loudspeaker 1R, is 
5 represented by Hrr, and a transfer function for a driving signal LD, 
for driving the second loudspeaker 1L, as altered by amplifier and 
loudspeaker characteristics, and the like until emitted from the 
second loudspeaker 1L, is represented by Hll. Furthermore, a 
loudspeaker's emission signal being emitted from the first 

10 loudspeaker 1R through the transformation, is represented by SR, 
and the loudspeaker's emission signal being emitted from the second 
loudspeaker 1L is represented by SL. Then, a transfer function 
for a loudspeaker's emission signal SR, as altered in space until 
arriving at the listener's first ear that is an example of a first control 

15 point 27R, is represented by Grr, and a transfer function for a 
loudspeaker's emission signal SL, as altered in space until arriving 
at the listener's first ear that is an example of a first control point 
27L, is represented by Gll. A transfer function for the 

loudspeaker's emission signal SL, as altered in space until arriving 

20 at the listener's first ear, is represented by Glr, and a transfer 
function for the loudspeaker's emission signal SR, as altered in space 
until arriving at the listener's second ear, is represented by Grl. 
[0011] 

As illustrated in Fig. 1, in a mobile terminal having acoustic 
25 couplings inside the casing, the driving signal RD is processed by a 
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filtering means having the transfer function of Hrr, furthermore, the 

driving signal LD being processed by a filtering means having the 

transfer function of Hlr, then, both signals are summed together and 

emitted. On the other hand, the driving signal LD is processed by a 

5 filtering means having the transfer function of Hll, and also the 

driving signal RD is processed by a filtering means having the 

transfer function of Hrl, and then both signals are summed together 

and emitted. Therefore, the first loudspeaker's emission signal SR 

and the second loudspeaker's emission signal SL can be expressed as 

10 Equation 1. 

[0012] 

Equation 1 

St-RdH^+LdHu 
S L -LdH^+RdH^ 

It should be noted that in Embodiment 1 of the invention, the 
15 first loudspeaker 1R and the second loudspeaker 1L are assumed to 
be symmetrically arranged inside the casing of the mobile terminal, 
with respect to the casing center, and both loudspeakers to have 
similar characteristics. Accordingly, when the transfer functions 
Hrl and Hlr, and the transfer functions Hrr and Hll are common to 
20 each other, or those are considered to be so approximate to each other 
as assumed to be common to each other, it is assumed that 
Hlr=Hrl=Hx, Hrr=Hll=Hd. Accordingly, in Embodiment 1 of the 
invention, the first loudspeaker's emission signal SR and the second 
loudspeaker's emission signal are expressed as Equation 2. 

6 



[0013] 
Equation 2 

S R - RdH D + LdH x 
S L - LdH D + RdH x 

Furthermore, the reproduced first loudspeaker's emission 
5 signal SR is processed by a filtering means having a transfer function 
of Grr, and the second loudspeaker's emission signal SR is processed 
by a filtering means having a transfer function of Glr. Then, both 
signals are summed together and transmitted to the listener's first 
ear. On the other hand, the second loudspeaker's emission signal 

10 SL is processed by a filtering means having a transfer function of Gll, 
while the second loudspeaker's emission signal SR being processed 
by a filtering means having a transfer function of Glr. Then, both 
signals are summed together and transmitted to the listener's second 
ear. A signal ER transmitted to the listener's first ear and a signal 

15 EL transmitted to the listener's second ear are expressed as 
Equation 3. 
[0014] 
Equation 3 

E R = S R G RR + S L G LR 

-{RdH D +LdH x )G M + {LdH D + RdH x )G LR 

- RdiH^ + //^ ) + LdiH^ + H X G M ) 

- (LdH D +RdH x )G LL +(RdH D + LdH x )G Rl 
-Rd(H D G M +// jr G^)+JW(i/ l> G IX +H x Gk) 

20 In order to create stereophonic effects, it is made necessary to 
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generate signals being expected to bring about the stereophonic 
effects, and present the signals as accurately to the left/right ear as 
possible. As shown in Equation 3, however, the transmission signal 
ER to the first ear includes both components of the driving signal RD 
5 and the driving signal LD, while the transmission signal EL to the 
second ear including both components of the driving signal RD and 
the driving signal LD. Consequently, when, with no pre-processing 
performed, there exists acoustic couplings inside the casing or in 
space, acoustic image reproduced on the loudspeaker, in some cases, 

10 may become extremely narrow, and sound reproduction with the 
sense of being present may not be achieved. The inventor has taken 
note of the above-described phenomenon, and aimed at reductions of 
the in-casing crosstalk and spatial crosstalk, by implementing an 
acoustic signal reproduction circuit as shown in Fig. 2, at the front 

15 stage of the reproduction model as shown in Fig. 1. 
[0015] 

Fig. 2 is a general diagram of an acoustic signal reproduction 
circuit for use in a mobile terminal relating to Embodiment 1 of the 
invention. As illustrated in Fig. 2, the acoustic signal reproduction 

20 circuit relating to Embodiment 1 of the invention is provided with a 
channel 2R for the above-described first loudspeaker 1R, and a 
channel 2L for the above-described first loudspeaker 1L. Moreover, 
this acoustic signal reproduction circuit also includes a first spatial 
direct processing means 13RR for producing, by processing an input 

25 signal R to the first loudspeaker, a direct component to the first 



loudspeaker 1R; a first spatial crossover processing means 14LR for 
producing, by processing an input signal L to the second loudspeaker, 
a crossover component to the first loudspeaker 1R; and a summing 
means 15R for producing summing signals, by summing together the 
5 above-described both signals. Similarly, the circuit further includes 
a second spatial direct processing means 13LL for producing, by 
processing an input signal L to the second loudspeaker 1L, a direct 
component to the second loudspeaker 1L; a second spatial crossover 
processing means 14RL for producing, by processing an input signal 
10 R to the second loudspeaker 1L, crossover components to the second 
loudspeaker 1L; and a summing means 15L for producing a summing 
signal, by summing together the above-described both signals. 
[0016] 

Furthermore, the circuit includes a first spatial 
15 post-processing means 16RR for further processing signals summed 
by a first summing means 15R, and a second spatial post-processing 
means 16LL for further processing signals summed by a second 
summing means 15L. 
[0017] 

20 In addition to the above-described spatial crosstalk processing 

means (processing means 1), an in-casing crosstalk processing means 
(processing means 2) described below is provided. The circuit 
comprises a first in-casing processing means 3LR for producing the 
crossover component to the first speaker 1R, by further processing 

25 signals (processing-means-l-processed signals to the other 
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loudspeaker) that have been processed by the second spatial 
post-processing means 16LL; and a summing means 4R for 
outputting the driving signal RD, by summing together output 
signals from the first in casing processing means 3LR and output 
signals ( processing-means- 1-processed signals to one loudspeaker) 
from the first spatial post-processing means 16RR. In a similar way, 
the circuit comprises a second in casing processing means 3LR for 
producing crossover components to the second speaker 1R, by 
further processing signals processed by means of the first spatial 
postprocessing means 16RR; and a summing means 4L for 
outputting the driving signal LD, by summing together output 
signals from the second in-casing processing means 3RL and output 
signals from the second spatial post-processing means 16LL. 
[0018] 

In Embodiment 1 of the invention, the driving signals RD and 
LD are used as the driving signals RD and LD as illustrated in 
above-described Fig. 1, respectively. 
[0019] 

Next, the operation will be described. The input signal R 
inputted into the first channel of a mobile terminal of the present 
invention is divided into two portions* one being inputted into the 
second spatial crossover processing means 14RL, and the other being 
inputted into the first spatial crossover processing means 13RR. In 
a similar way, the input signal L inputted into the second channel of 
the mobile terminal of the present invention is divided into two 
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portions 1 one being inputted into the second spatial crossover 
processing means 14LR, and the other being inputted into the first 
spatial crossover processing means 13LL. Next, the input signal 
inputted into the second spatial crossover processing means 14LR, is 
5 inputted passing through a filter having a transfer function of, e.g., 
-Grl, into the second summing means 15L. The input signal 
inputted into the first spatial direct processing means 13RR is 
inputted passing through a filter having a transfer function of, e.g., 
-Gll, into the first summing means 15R. Similarly, the input signal 

10 inputted into the first spatial crossover processing means 14LR is 
inputted passing through a filter having a transfer function of, 
e.g.,-GLR, into the first summing means 15R. The input signal 
inputted into the second spatial direct processing means 13RR is 
inputted passing through a filter having a transfer function of, e.g., 

15 -Grr into the second summing means 15L. 
[0020] 

Next, both signals inputted into the first summing means 15R 
are summed together and inputted into the first spatial 
post-processing means 16RR, and both signals inputted into the 

20 second summing means 15L are summed together and inputted into 
the second spatial post processing means 16LL. Then, the signals 
inputted into the first spatial post-processing means 16RR, are 
divided through a filter having a transfer function of, e.g., 1 
/(GllGrr-GlrGrl) into two portions- one, as a crossover component, 

25 being inputted into the second in-casing processing means 3RL, and 
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the other, as a direct component, being inputted into the first 
summing means 4R. Similarly, the signals inputted into the second 
spatial post-processing means 16LL, are divided through a filter 
having a transfer function of, e.g., 1/(GllGrr-GlrGrl) into two 
5 portions- one, as a crossover component, being inputted into the first 
in-casing processing means 3LR, and the other, as a direct component, 
being inputted into the second summing means 4 L. Assuming that 
a signal inputted into the first in-casing processing means 3LR be a 
signal LA, the signal LA is inputted, passing through a filter having 

10 a transfer function of, e.g., -Hx/Hd, by means of the first in-casing 
processing means 3LR, into the first processing means 4R. In the 
first summing means 4R, the driving signal RD is produced by 
summing together an output signal (crossover components) from the 
first in casing processing means 3LR, and a signal RA (direct 

15 components) outputted from the first in-casing processing means 
16RR. Similarly, a signal RA inputted into the second in-casing 
processing means 3RL, is inputted, passing through a filter having a 
transfer function of, e.g., -Hx/Hd, by means of the second in-casing 
processing means 3RL, into the second summing means 4L. In the 

20 second summing means 4L, the driving signal LD is produced by 
summing together an output signal (crossover components) from the 
second in casing processing means 3RL and the signal LA (direct 
components), where the driving signals RD and LD are given as 
Equation 4. 

25 [0021] 
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Equation 4 

RG LL ~ LG LR LG RR ~ RG RL _ H X 

G LL G RR ~ G LR G RL G LL G RR " G LR G RL H D 



Ld 



LG M -RCrjg, RG ll Z L G lr , Hx 

G LL G RR " G LR G RL G LL G RR ~ G LR G RL H D 



When the first loudspeaker 1R and the loudspeaker 1L are 
driven by means of the driving signals RD and LD produced by the 
above-described processing, respectively, referring to Fig. 1, the 
loudspeaker's emission signal SR from the loudspeaker R, and the 
loudspeaker's emission signal SL (from the loudspeaker L) are given 
as Equation 5. 
[0022] 
Equation 5 

S R -RdH D +LdH x 

_ ^ RG LL ~ LG LR LG RR - RG RL . H X yj ^ + ( LG RR ~ RG RL _ RG LL ~ LG LR . H X yj^ 



H D G LL G RR - G LR G RL 



S L ~LdH D +RdH x 

_ ( LG R* ~ RG RL _ RG LL ~ LG LR 1 H X yj ^ + ( RG LL ~ LG LR _ LG RR ~ RG RL . H * )H x 
G LL G RR - G LR G RL G LL G RR ~ G Ul G RL H D " G LL G RR ~ G LR G RL G LL G RR ~ G U< G RL H D ' 

Thus, the signal ER arriving at the first ear, and the signal EL 
arriving at the second ear are given as Equation 6. 
[0023] 
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Equation 6 

E L -G U S L +G n S K 

„ q ( LG^-RG^ H x 2 \ 

"{GuGm-GuG^ ° H d } ) 

+ G ( RG LL ~ LG LR _ H * 2 )) 

\ G U G RR~ G Ul G RL ° H D j 

IT 2 

"FT 7T-F-k LG ** G u. ~ RG *L G u ^ROuPa. -L G kl g ik) 

G u. G m- G ut G M. 

E R ~ G RR S R + G L* S L 

_ G ( RGll -LGm H * )[ 

\ G lL G m- G LR G KL ° H D j 

+ G ( LG *X - RG KL ( IId H * 2 )\ 
\ G LL G RR ~ G LR G RL ° H D ) 

" 77 r (( RG *K G LL ~ LG LR G RR + LG LR G RR ~ RG KL G Ut) 

LL BR ~ LR RL 

D 

Although, as seen from Equation 6, the amplitude or phase 
characteristics are altered, crosstalk components can be thoroughly 
cancelled out each other. Here, it is known that the phase and 
amplitude differences between the left and right signals become 
important in three-dimensional acoustic image localization. 
According to Equation 6, because the left signal and the right signal 
undergo a similar extent of transformation, the relationships of the 
phase and amplitude differences between the left and right signals 
are maintained, so that stereophonic effects can be satisfactorily 
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obtained. That is, when the stereophonic effects that input signals 
R and L should present to the right and left ears, respectively, are 
expected, the combination of a means for canceling spatial crosstalk 
and a means for canceling in-casing crosstalk can produce 
5 three-dimensional acoustic image localization that has not been 
conventionally produced by mobile terminals. 
[0024] 

It should be noted that in Fig. 2, a correction filter having a 
transfer function of Hd/(Hd 2 -Hx 2 ) may be implemented posterior to 

10 spatial crosstalk processing, specifically, immediately posterior to 
the first spatial post-processing means 16RR and the second spatial 
post-processing means 16LL, or immediately posterior to the first 
summing means 4R and the second summing means 4L. This makes 
the signal ER reaching the first ear and the signal EL reaching the 

15 second ear turn to be input signal R and input signal L, respectively. 
In Fig. 2, a filter whose transfer function approximates that of Hd 
/(Hd 2 — Hx 2 ) may be implemented posterior to spatial crosstalk 
processing, specifically, immediately posterior to the first spatial 
post-processing means 16RR and the second spatial post processing 

20 means 16LL, or immediately posterior to the first summing means 
4R and the second summing means 4L. This makes signals to be 
presented to both ears completely turn to be the input signal R and 
input signal L. 
[0025] 

25 Moreover, in Embodiment 1 of the invention a case has been 
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described in which reduction signals for reducing sounds that leak 
out into one loudspeaker from the other loudspeaker, can be obtained 
by processing output signals ( processing-step- 1-processed signals to 
the other loudspeaker) from the second spatial post-processing 
5 means. This invention, however, is not limited to this, but any other 
producing method may be feasible; the reducing signal may be 
produced by processing a separately produced signal. 
[0026] 

Also, in Embodiment 1 of the invention a method of acoustic 
10 signal reproduction has been described about a case of two-channel 
input and two-speaker reproduction. This characteristic 

compensation method, however, is not limited to the case of 
two-channel input and two-speaker reproduction, but applicable to a 
method of compensating characteristics of N (N is three or more) of 
15 loudspeakers as well. 
[0027] 

Furthermore, in addition to acoustic couplings inside the 
casing, in some cases, the transfer function Hx may include the 
loudspeaker and amplifier characteristics. 
20 [0028] 

Furthermore, in Embodiment 1 of the invention the spatial 
crosstalk processing and in-casing crosstalk processing have been 
described as being integrated. However, each processing can also be 
separately implemented and independently functioned. 
25 [0029] 



Embodiment 2. 

While in Embodiment 1 of the invention, a first in-casing 
processing means 3LR and a second in-casing processing means 3RL 
are used as the processing step for reducing in-casing crosstalk, in 
5 Embodiment 2 of the invention, a case will be explained in which a 
first in-casing processing means 5RR, a second in casing processing 
means 5LL, a first crossover processing means 6LR, and a second 
crossover processing means 6RL, are used. Note that since 
reproduction of the in-casing crosstalk is similar to that of 

10 Embodiment 1 of the invention in Fig. 1, the description will be 
omitted herein. Furthermore, since reproduction of the spatial 
crosstalk is also similar to that of Embodiment 1 of the invention in 
Fig. 1, the description will be omitted herein. Moreover, since the 
spatial crosstalk processing means is the same as the right portion in 

15 Fig. 2, the description will be omitted herein. 
[0030] 

Fig. 3 is a general diagram illustrating an acoustic signal 
reproduction circuit for use in a mobile terminal relating to 
Embodiment 2 of the present invention. As shown in Fig. 3, along 

20 with the above-described spatial crosstalk processing means, the 
acoustic signal reproduction circuit relating to Embodiment 2 of the 
invention, in lieu of the first in-casing processing means 3RL and the 
second in-casing processing means 3LR, comprises- a first in casing 
direct processing means 5RR for producing direct component to a 

25 first loudspeaker 1R, by processing an output signal RA from a first 



spatial post-processing means 16RR; a first crossover processing 
means 6LR for producing crossover component to the first 
loudspeaker 1R, by processing an output signal LA from a second 
spatial post processing means 16LL; a first summing means 4R for 
outputting a driving signal RD, by summing together signals being 
produced through the both of the processing. Similarly, the circuit 
comprises" a second in casing direct processing means 5LL for 
producing direct component to a second loudspeaker 1L, by 
processing an output signal LA from the second spatial 
post-processing means 16LL; a second crossover processing means 
6RL for producing crossover component to the second loudspeaker 1L, 
by processing the output signal RA from the first spatial 
post processing means 16RR; a second summing means 4L for 
outputting a driving signal LD, by summing together signals being 
produced through both the processing. 

[003l]Next, the operation will be described. The output signal RA 
from the first spatial post-processing means 16RR is divided into two 
portions : one being inputted into the second in casing crossover 
processing means 6RL, and the other being inputted into the first 
in-casing direct processing means 5RR. In a similar way, the output 
signal LA from the second spatial post-processing means 16LL is 
divided into two portions- one being inputted into the first in casing 
crossover processing means 6LR, and the other being inputted into 
the second in-casing direct processing means. The output signal LA 
from the second spatial post-processing means 16LL, inputted into 
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the first in-casing crossover processing means 6LR is inputted, 
passing through a filter having a transfer function of, e.g., -Hlr, by 
the first in-casing crossover processing means 6LR, into the 
summing means 4R. The output signal RA from the first spatial 
5 post-processing means 16RR, inputted into the first in-casing direct 
processing means 5RR, is inputted, passing through a filter having a 
transfer function of, e.g., -Hll, by the first in-casing direct 
processing means 5RR, into the first summing means 4R. This first 
summing means 4R sums both signals together, producing the 

10 driving signal RD. Similarly, the output signal RA from the first 
spatial post-processing means 16RR, inputted into the second 
in casing crossover processing means 6RL, is inputted, passing 
through a filter having a transfer function of, e.g., -Hrl, by the first 
in-casing crossover processing means 6RL, into the summing means 

15 4R. The output signal LA from the second spatial post processing 
means 16LL, inputted into the second in-casing direct processing 
means 5LL, is inputted passing through a filter having a transfer 
function of, e.g., -Hrr, by the second in-casing direct processing 
means 5LL, into the second summing means 4L. The second 

20 summing means 4L sums both signals together, producing the 
driving signal LD. The driving signals RD and LD are given as 
Equation 7. 
[0032] 



Equation 7 

Rd - RGll ~ LGlr I J LGrr ~ RGrl H 

G LL G RR ~ G LR G RL G LL G RR ~ G LR G RL " 

£J ,„ ^ G RR ~R G RL jj RG U. ~L G LR jy 

LL RR " G LR G RL G LL G RR ' G LR G RL 

When the first and the second loudspeakers 1R and 1L are 
driven by the driving signals RD and LD, respectively, each produced 
5 by means of the above processing, referring to Fig. 1, the 
loudspeaker's emission signals SR and SL being emitted from the 
first and the second loudspeakers 1R and 1L, respectively, are given 
as Equation 8. 
[0033] 
10 Equation 8 

, MfjJL ~^ G LR wir u U H \ 

G U G RR- G LR G *L 

S L - LdH u + RdH^ 

G IL G RR ~ G LR G RL 

Because the loudspeaker's emission signals SR and SL 
undergo influences of such as acoustic couplings, the signals ER and 
EL arriving at the first and the second ears, respectively, are given 
15 as Equation 9. 
[0034] 
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Equation 9 
e r ^GrrSr + g lr S l 



\ LL G RR ~~ G LR RL ) 

l H RR " H LR^Rl)j 



LG DD —RG a 

- — (H u * 

G U G RR ~ G LR G R 



- {H r ""** "^ ((xGrrGu. -l GlrGrr ^lg^ -RG^gJ 

G LL G RR ~ G LR G RL 

- R ( H ll H rr ~ H lr H rl) 



&L - G LL S L + G RL S R 

_ G u ( LGrr ~ RGrl (//^ 

\ G LL G RR ~ G LR G RL 



H rr - H lrHrl)^ 

(——— ^ ( H LL H RR - H LrHrl)\ 

G LL G RR- G LR G RL ) 



m ^^^^^) ((LG ^ -RGggGgj, +*G„G„ -LG^) 

G LL G RR ~ G lr G rl 
^^(^LL^RR ^^LR H Rl) 

As seen from Equation 9, while those signals undergo 
transformation in the amplitude or phase characteristics, crosstalk 
5 . components can be thoroughly cancelled out each other. Here, it is 
known that the phase and amplitude differences between the left and 
right signals are important in three-dimensional acoustic image 
localization. According to Equation 9, because the left and the right 
signals undergo a similar extent of transformation, the relationships 
10 of the phase and amplitude differences between the left and right 
signals are maintained, leading to satisfactory stereophonic effects 
being obtained. Namely, when the input signals R and L are 
expected to produce stereophonic effects at both ears, the 
combination of a means for canceling spatial crosstalk and a means 
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for canceling in-casing crosstalk can achieve three-dimensional 
sound image localization that has not been conventionally achieved 
in mobile terminals. It should be noted that in Fig. 3, a correction 
filter, not shown, having a transfer function of 1/(HllHrr-HlrHrl), 
may be implemented posterior to spatial crosstalk processing, 
specifically, immediately posterior to the first spatial post-processing 
means 16RR and the second spatial post-processing means 16LL, or 
immediately posterior to the first summing means 4R and the second 
summing means 4L. This makes the signals ER and EL reaching 
the first and the second ears turn to be the input signal R and the 
input signal L, respectively. In Fig. 3, a filter having a transfer 
function approximate to that of 1/(HllHrr-HlrHrl), not shown, may 
be implemented posterior to spatial crosstalk processing, specifically, 
immediately posterior to the first spatial post-processing means 
16RR and the second spatial post-processing means 16LL, or 
immediately posterior to the first summing means 4R and the second 
summing means 4L. This makes the signals ER and EL reaching 
the first and the second ears, turn to be the input signal R and the 
input signal L, respectively. 
[0035] 

Furthermore, when the transfer functions Hrl and Hlr, and 
the transfer functions Hrr and Hll are common to each other, or 
when those are so approximate to each other as assumed to be 
common to each other, it can be assumed that Hlr=Hrl=Hx, 
Hrr=Hll=Hd. Thus, the transfer function of the first and the second 
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in casing direct processing means 5RR and 5LL, respectively, can be 
made to be Hd. Similarly, the transfer function of the first and the 
second in-casing crossover processing means 6LR and 6RL, 
respectively, can be made to be -Hx. In this case, the signals ER 
and EL arriving at the first and the second ears, turn to be the input; 
signal R and the input signal L, respectively. 
[0036] 

Equation 10 



G U. G RR ~ G LR G RL 



\ G lL G RR- G Ut G M. ) 



G U G RR~ G LR G IU. 

-R{H D 2 -H X 2 ) 

[0037] 

Equation 11 



E L - G U S L + G^S 



R 



U \ G LL G RR ~ G LR G RL ^ j 

\ G LL G RR- G W G RL ° ' ) 

"TTTT ~-^—(( LG KR G LL - RG RL G U +RG M. G LL - LG RL G Lr) 

G U G RR ~ LR RL 

-L{H D 2 -H X 2 ) 



Therefore, for instance, when loudspeakers are arranged 
bilaterally symmetrically or up -down symmetrically inside the 
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casing, manufacturing costs of signal processing means can be 
effectively reduced by providing commonality to the direct processing 
means 5 or the crossover processing means 6. 
[0038] 

Moreover, in Fig. 3, a correction filter having the transfer 
function of Hd 2 /(Hd 2 -Hx 2 ) may be implemented posterior to spatial 
crosstalk processing, specifically, immediately posterior to the first 
spatial post-processing means 16RR and the second spatial 
post-processing means 16LL, or immediately posterior to the first 
summing means 4R and the second summing means 4L. This makes 
the signals ER and EL arriving at the first and the second ears turn 
to be the input signal R and the input signal L, respectively. 
Referring to Fig. 3, a filter whose transfer function approximates to 
that of 1/(Hd 2 -Hx 2 ) may be implemented posterior to spatial 
crosstalk processing, specifically, immediately posterior to the first 
spatial post-processing means 16RR and the second spatial 
post-processing means 16LL, or immediately posterior to the first 
summing means 4R and the second summing means 4L. This makes 
the signals ER and EL arriving at the first and the second ears turn 
to be the input signal R and the input signal L, respectively. 
[0039] 

Here, in Embodiment 2 of the invention some of the 
explanations have been omitted by applying same symbols to the 
portions identical to or equivalent with those in Embodiment 1 of the 
invention, and only portions different from Embodiment 1 of the 
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invention have been explained. 
[0040] 

Embodiment 3. 

Although in Embodiment 1 of the invention, the first in casing 
processing means 3LR and the second in-casing processing means 
3RL have been used as the processing step of reducing in-casing 
crosstalk, in Embodiment 1 of the invention a case is explained in 
which a first in-casing multiplication processing means 8LR, a 
second in-casing multiplication processing means 8RL, as will be 
hereinafter described, are used. 
[0041] 

Note that since the reproduction of the in-casing crosstalk is 
similar to that as shown in Fig. 1 in Embodiment 1 of the invention, 
the description will be omitted herein. Furthermore, since the 
reproduction of the spatial crosstalk is also similar to that as shown 
in Fig. 1 of Embodiment 1, the description will be omitted herein. 
Moreover, since the spatial crosstalk processing is the same as the 
left part of Fig. 2, the description will be omitted herein. 
[0042] 

Fig. 4 is a general diagram illustrating an acoustic signal 
reproduction circuit for use in a mobile terminal relating to 
Embodiment 3 of the present invention. As illustrated in Fig. 4, the 
acoustic signal reproduction circuit in this embodiment of the 
invention, comprises- the first in-casing multiplication processing 
means 8LR for producing, by processing the output signal LA from 
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the second spatial post-processing means 16LL, crossover 
components to the first loudspeaker 1R; the second multiplication 
processing means 8RL for producing, by processing the output signal 
RA from the first spatial post-processing means 16RR, crossover 
5 components to the second loudspeaker 1L. 
[0043] 

Next, the operation will be described. The output signal RA 
from the first spatial post-processing means 16RR is divided into two 
portions- one being inputted into the second in-casing multiplication 

10 processing means 8RL, and the other being inputted into the first 
summing means 4R, as a direct component. Similarly, the output 
signal LA from the second spatial post processing means 16LL is 
divided into two portions^ one being inputted into the first in-casing 
multiplication processing means 8LR, and the other being inputted 

15 into the second summing means 4L, as a direct component. 
[0044] 

The output signal LA from the second spatial post-processing 
means 16LL is inputted into the summing means 4R, through the 
first in-casing multiplication processing means 8LR, e.g., a filter 

20 having a transfer function of multiplying by a scalar value p less 
than one, and reversing the arithmetic sign. The first summing 
means 4R produces the driving signal RD by summing together the 
output signal from the first in casing multiplication processing 
means 8LR, and the output signal RA from the first spatial 

25 post processing 16RR. Similarly, the output signal RA from the 
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second spatial post-processing means 16RR is inputted into the 
second summing means 4L, through the first in-casing multiplication 
processing means 8LR, e.g., a filter having a transfer function of 
multiplying by a scalar value p less than one, and reversing the 
arithmetic sign. The second summing means 4L produces the 
driving signal Ld by summing together an output signal from the 
second in-casing multiplication processing means 8RL, and the 
output signal LA from the first spatial post-processing 16LL. 
[0045] 

When the first and the second loudspeakers 1R and 1L are 
driven by the driving signals RD and LD each produced through the 
above processing, respectively, the loudspeaker's emission signal SR 
being emitted from loudspeaker R, referring to Fig. 1, is given as 
Equation 12. 
[0046] 

Equation 12 

S x -RdH m+ LdH ut 

•*>(RA- 0L\)H m +(LA- afc4)// M 

Further, the loudspeaker's emission signal SL being emitted 
from the second loudspeaker 1L is given as Equation 13. 
[0047] 

Equation 13 
S L - LdH^ +RdH RL 

- (LA -aRA)H ^ +(RA- 0LA)H M 
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[0048] 

Next, the optimal coefficient p to be applied to the first 
in-casing multiplication processing means 8LR will be determined. 
Namely, in order for the loudspeaker's emission signal SR from the 
first loudspeaker 1R to enhance separation of the output signal LA 
from the second spatial post-processing means 16LL, it can be seen 
that the value may be determined such that the value of (PHrr-Hlr) 
approximates to zero most. In other words, the optimal coefficient p 
* is given by Equation 14. 
[0049] 

Equation 14 
^-argminlC^-//^)) 

This shows that in the first in-casing multiplication processing 
means 8LR, by multiplying by the optimal coefficient p* the output 
signal LA from the second spatial post processing means 16LL, only 
an RA component in the driving signal RD is emitted, and the other 
signal components (LA components) is cancelled or diminished. In a 
similar fashion, the optimal coefficient a to be applied to the second 
in casing multiplication processing means 8RL will be determined. 
Namely, in order for the loudspeaker's emission signal SL from the 
second loudspeaker 1L to enhance separation from the output signal 
RA from the first spatial post processing means 16RR, it can be seen 
that the value may be determined such that the value of (cc'Hll - 
Hrl) approximates to zero most. That is, the optimal coefficient a* 
is given by Equation 15. 
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[0050] 

Equation 15 
a' - argminlCcrf/^ -//^)) 

a 

This shows that in the second in-casing multiplication 
5 processing means 8RL, by multiplying by the optimal coefficient p* 
the output signal RA from the second spatial post-processing means 
16RR, only an RA component in the driving signal LD is emitted, and 
the other signal components (RA components) is cancelled or 
diminished. From what has been described above, by determining 

10 coefficients a* a n d p*, and applying the a* a n d P* to the second and 
the first in-casing multiplication processing means 8RL and 8LR, 
respectively, in- casing crosstalk components can be cancelled and 
signals from which the in-casing acoustic couplings has been 
cancelled can be reproduced while the amplitude and phase undergo 

15 characteristics changes. Here, it is known that the phase and 
amplitude differences between left and right signals are important in 
three-dimensional acoustic image localization. Namely, when input 
signals R and L are expected to present stereophonic effects at the 
left and right ears, the combination of a means for canceling spatial 

20 crosstalk and a means for canceling the above-described in-casing 
crosstalk can produce three-dimensional sound image localization 
that has not been conventionally produced in mobile terminals. 
[0051] 

Moreover, the above-described multiplication processing 
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means 8 are inexpensively manufactured, resulting in loudspeaker 

characteristic compensation being effectively realized. 

[0052] 

Note that in this Embodiment of the invention the same 
description has been omitted by applying the same symbols to the 
portions identical to or equivalent with those in Embodiment 1 of the 
invention, but described only portions different from Embodiment 1 
of the invention. 
[0053] 

Embodiment 4. 

While in Embodiment 1 of the invention, the first in-casing 
processing means 3LR and the second in-casing processing means 
3RL are used as the processing step of reducing in-casing crosstalk, 
in this embodiment of the invention a case will be described in which 
a first subband division processing means 9LR, a first subband 
processing means 10LR, a first subband synthesis processing means 
11LR, a second subband division processing means 6RL,and a second 
subband synthesis processing means 11RL, are used. 
[0054] 

Note that since reproduction of the in-casing crosstalk is 
similar to that as shown in Fig. 1 in Embodiment 1 of the invention, 
the description will be omitted herein. In addition, since 
reproduction of spatial crosstalk is also similar to that as shown in 
Fig. 1 in Embodiment 1 of the invention, the description will be 
omitted herein. Further, since the spatial crosstalk processing 
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means is the same as the left part of Fig. 2, the description will be 

omitted herein. 

[0055] 

Fig. 5 is a general diagram illustrating an acoustic signal 
5 reproduction circuit for use in a mobile terminal relating to 
Embodiment 4 of the invention. As illustrated in Fig. 5, the 
acoustic signal reproduction circuit in this embodiment of the 
invention, comprises- the first subband division means 9LR, the first 
subband means 10LR, the first subband synthesis means 11LR for 

10 producing, by processing the output signal LA from the second 
spatial post-processing means 16LL, crossover components to the 
first loudspeaker 1R; the second subband division means 9RL, the 
first subband means 10RL, the first subband synthesis means 11RL 
for producing, by processing the output signal RA from the first 

15 spatial post-processing means 16RR, crossover-components to the 
second loudspeaker 1L. 
[0056] 

Next, the operation will be described. The output signal RA 
from the second spatial post-processing means 16LL is inputted into 

20 the second summer 4L, and the first subband division means 9RL. 
The subband division means 9LR divides the signal LA into K 
subbands, on a frequency basis. Signals divided by the subband 
division means 9LR 1 is assigned to be signals LI, L2...LK, from the 
low band thereof. The signal LI is inputted into the first subband 

25 processing means 10LR1. The signal L2 is inputted into the first 



subband processing means 10LR2, subsequently, the signals up to LK 
being inputted into the corresponding processing means lOLRj 
( j=l, 2...K). The first subband processing means lOLRj processes 
and outputs the inputted signal Lj, for example, extracts a transfer 
function equivalent to that of a band corresponding to the band j in 
the transfer function of -Hlr/Hrr, to process the inputted signal Lj , 
further, implements processing to apply the signal to a transfer 
function multiplied by a certain coefficient yj- 'A processed signal 
outputted from the first subband processing means lOLRj is 
synthesized by the first subband synthesis means 11LR, being 
inputted into the first summing means 4R. The first summing 
means 4R outputs the driving signal RD for driving the first 
loudspeaker 1R, by summing together the output signal RA from the 
first spatial post-processing means 16RR, and the output signal from 
the first subband synthesis processing means 11LR. 
[0057] 

Similarly, the output signal RA from the first spatial 
post processing means 16RR is inputted into the first summer 4R 
and the second subband division means 9RL. The subband division 
means 9RL divides the signal RA into K subbands, on the frequency 
basis. Signals divided by the subband division means 9RL is 
assigned to be signals Rl, R2...RK, in the frequency order from the 
lower band thereof. The signal Rl is inputted into the second 
subband overallprocessing means 10RL1. The signal R2 is inputted 
into the second subband processing means 10RL2, subsequently, the 
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signals up to RK being inputted into the corresponding processing 
means 10LRj( j=l, 2...K). The second subband processing means 
lORLj processes and outputs the inputted signal Lj, for example, 
extracts a transfer function equivalent to that of band corresponding 
5 to the band j in the transfer function of, -Hrl/Hll and processes the 
inputted signal R j , and further, implements processing to apply the 
signal to a transfer function multiplied by a certain coefficient yj- A 
processed signal outputted from the second subband processing 
means lORLj is synthesized by the second subband synthesis means 

10 11RL, being inputted into the second summing means 4L. The 
second summing means 4L outputs the driving signal LD for driving 
the second loudspeaker 1L, by summing together the output signal 
LA from the second spatial post-processing means 16LL, and an 
output signal from the second subband synthesis processing means 

15 11RL. 
[0058] 

From the above-described processing, when yj is assumed to be 
one throughout the entire band, the same effect as in Embodiment 1 
of the invention can be obtained. Changing of yj can vary on a band 

20 basis the degree of processing, e.g, setting the low-band signal yj at a 
larger value allows low-band components of the output signal to be 
emphasized. Furthermore, when, by combining in casing crosstalk 
cancellation processing and spatial crosstalk cancellation processing, 
as described above, input signals R and L are expected to present 

25 stereophonic effects at the left and right ears, the combination of a 
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means for canceling spatial crosstalk and a means for canceling the 
above-described in casing crosstalk, can produce three-dimensional 
sound image localization that has not been conventionally realized in 
mobile terminals. 
[0059] 

Here, in this embodiment of the invention the same 
description has been omitted by applying same symbols to the 
portions identical to or equivalent with those in Embodiment 1 of the 
invention of the invention, but described only portions different from 
the above-described embodiments of the invention. 
[0060] 

Embodiment 5. 

While in Embodiment 1 of the invention, the first in-casing 
processing means 3LR and the second in casing processing means 
3RL are used as the processing step of reducing in-casing crosstalk, 
in this embodiment of the invention a case will be described in which 
a first low-pass means and a second low-pass means are used, which 
are not shown but will be hereinafter described. It should be noted 
that this embodiment of the invention is equal to that in which the 
first in casing processing means 3LR and the second in casing 
processing means in Fig. 2 have been replaced with the first low-pass 
means and the second low-pass means, respectively. 
[0061] 

Note that since reproduction of the in-casing crosstalk is 
similar to that as shown in Fig. 1 in Embodiment 1 of the invention, 
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the description will be omitted herein. Furthermore, since 
reproduction of the spatial crosstalk is also similar to that as shown 
in Fig. 1 in Embodiment 1 of the invention, the description thereof 
will be omitted herein. Moreover, the spatial crosstalk processing 
5 means is the same as the left part of Fig. 2, thus, the description 
thereof will be omitted herein. An acoustic signal reproduction 
circuit in this embodiment of the invention comprises* the first 
low-pass means for producing, by processing the output signal LA of 
the second spatial post-processing means 16LL, crossover 
10 components to the first loudspeaker 1R; the second low-pass means 
for producing, by processing output signal RA from the first spatial 
post-processing means 16RR, crossover components to the second 
loudspeaker 1L. 
[0062] 

15 Next, the operation will be described. The output signal LA 

from the second spatial post processing means 16LL is inputted into 
the second summer 4L, and the first low-pass means. The first 
low-pass means implements processing such that signals passing 
through an LPF (low-pass filter) is characterized by a transfer 

20 function of e.g., -Hlr/Hrr. The processed signal outputted from the 
first low-pass means is inputted into the first summing means. The 
first summing means 4R outputs the driving signal RD for driving 
the first loudspeaker 1R, by summing together the output signal RA 
from the first spatial post-processing means 16RR, and an output 

25 signal from the first low-pass means. Similarly, the output signal 
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RA from the first spatial post-processing means 16RR is inputted 
into the first summer 4R, and the second low-pass means. The 
second low-pass means implements processing such that signals 
passing through an LPF (low-pass filter) are characterized by a 
transfer function of e.g., -Hrl/Hll. The output signal from the 
second processed low-pass means is inputted into the second 
summing means. The second summing means outputs the driving 
signal LD for driving the second loudspeaker 1R, by summing 
together the output signal LA from the second spatial 
post-processing means 16LL, and an output signal from the second 
low-pass means. 
[0063] 

According to this embodiment of the invention, only low-band 
signal components undergo crosstalk cancellation processing. 
Therefore, a sense of emphasizing high-band signal components 
caused by phase mismatch signals with each other for canceling 
high-band signal components, can be reduced, resulting in an effect 
of allowing for comfortably receiving acoustic signals. Furthermore, 
when input signals R and L are expected to present stereophonic 
effects at both right and left ears, the combination of a means for 
canceling spatial crosstalk and a means for canceling in casing 
crosstalk can produce three-dimensional sound image localization 
that has not been conventionally produced in mobile terminals. 
[0064] 

It should be noted that this embodiment of the invention the 
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same description has been omitted by applying same symbols to the 
portions identical to or equivalent with those in Embodiment 1 of the 
invention, but described only portions different from Embodiment 1 
of the invention. Also, the technology described in this embodiment 
of the invention is applicable to those other than Embodiment 1 of 
the invention as well. 
[0065] 

Embodiment 6. While in Embodiment 1 of the invention, the first 
in-casing processing means 3LR and the second in-casing processing 
means 3RL are used as the processing step of reducing in casing 
crosstalk, in this embodiment of the invention a case will be 
described in which a correlation computational means 23, a control 
means 24, a first switch 25LRa, a first switch 25LRb, a second switch 
25RLa, a second switch 25RLb, a first signal processing means 26LR, 
and a first signal processing means 26RL, are used. 
[0066] 

Note that since reproduction of the in-casing crosstalk is 
similar to that as shown in Fig. 1 in Embodiment 1 of the invention, 
the description will be omitted herein. In addition, since 
reproduction of the spatial crosstalk is also similar to that as shown 
in Fig. 1 in Embodiment 1 of the invention, the description will be 
omitted herein. Furthermore, since the spatial crosstalk processing 
means is the same as the left part of Fig. 2, the description will be 
omitted herein. 
[0067] 
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Fig. 6 is a general diagram illustrating an acoustic signal 
reproduction circuit for use in a mobile terminal relating to 
Embodiment 6 of the present invention. As illustrated in Fig. 6, the 
acoustic signal reproduction circuit relating to this embodiment of 
5 the invention, comprises* the correlation computational means 23 for 
computing correlation for each frequency component of output the 
signals RA and LA from the first and the second spatial 
post-processing means 16RR and 16LL, respectively; the control 
means 24 for controlling the first and the second switches 25LR and 

10 25RL, on the basis of correlation between signals LA and RA; and the 
first and the second signal processing means 26LR and 26RL for 
processing inputted signals. The first switch 25LR is connected to 
any one of the first signal processing means 26LR1 through 26LRK, 
the second switch 25RL to any one of the second signal processing 

15 means 26RL1 through 26RLK. 
[0068] 

Next, the operation will be described. The output signal RA 
from the first spatial post-processing means 16RR is inputted into 
the first summer 4R, the second switch 25RLa, and the correlation 

20 computational means 23. The output signal LA from the second 
spatial post processing means 16LL is inputted into the second 
summer 4L, the first switch 25LRa, and the correlation, 
computational means 23. The correlation computational means 23 
computes correlation between output signals RA and LA on a 

25 frequency component basis, and inputs to the control means 23 the 
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computed results. The control means 24 where the computed 
results have been inputted switches the first switches 25LRa and 
25LRb, and the second switches 25RLa and 25RLb, in response to the 
correlation between the signals RA and LA for each frequency. 
5 When, for instance, a certain band has a high correlation, the first 
switch is controlled to connect to the signal processing means 26RL 
or the second signal processing means 26LR that reduces to zero 
signal intensity corresponding to the band. The first signal 
processing means 26RL may implement processing to characterize 

10 the signal to a transfer function of, e.g., -Hlr /Hrr after reducing to 
zero the signal intensity of a particular band. The second signal 
processing means 26LR may implement processing to characterize 
the signal to a transfer function of, e.g., -Hrl/Hll after reducing to 
zero the signal intensity of a particular band. 

15 [0069] 

Here, high correlation in a certain band suggests that signal 
components of the signals LA and RA in a particular band are 
approximately in common-mode with each other. At this moment, 
processing for canceling acoustic couplings leads to summing 

20 together an original signal and a proximate phase-reversed signal 
from the original one, thus resulting in audible deterioration being 
generated due to reduced components in the highly correlated bands. 
According to the embodiment described above of the invention, 
however, because zero is added to the signal components of the highly 

25 correlated bands, effects can be produced in that audible 

39 



deterioration as described above will not be generated. 
Furthermore, because common-mode components are sounds that are 
supposed to be located in the center, a listener can acquire 
satisfactory acoustic images without canceling the acoustic couplings 
in regard to the common-mode components. Moreover, when input 
signals R and L are expected to present stereophonic effects at both 
ears, the combination of a means for canceling spatial crosstalk and a 
means for canceling incasing crosstalk can produce 
three-dimensional sound image localization that has not been 
conventionally produced in mobile terminals. 
[0070] 

It should be noted that in this embodiment of the invention the 
same description has been omitted by applying same symbols to the 
portions identical to or equivalent with those in Embodiment 1 of the 
invention, but described only portions different from Embodiment lof 
the invention. 
[0071] 

Embodiment 7. 

Fig. 7 illustrates a modeling of a reproduction system 
including a plurality of loudspeakers. In Fig. 7, the left part of 
which is a modeling of a reproduction system inside the casing, being 
referred to as in-casing reproduction system. The right part, on the 
other hand, is a modeling of a reproduction system in space (outside 
the casing)* being referred to as spatial reproduction system. As 
shown in the left part of Fig. 7, because of a loudspeaker-rear air 



40 



chamber being shared by a quantity N of loudspeakers; the in-casing 
reproduction system produces acoustic coupling with one another 
inside the casing. This acoustic coupling is referred to as in-casing 
crosstalk characteristics. Furthermore, in the reproduction system, 
amplifier/speaker characteristics that generate when signals 
inputted into a channel of the reproduction system are directly 
transmitted and emitted from a corresponding loudspeaker, are 
referred to as in-casing direct characteristics. Similarly, as shown 
in the right part of Fig. 7, this spatial reproduction system produces 
a phenomenon in that sound waves being reproduced from one 
loudspeaker, while supposed to be conveyed to a listener's ear, couple 
at the other ear and leak thereinto. This acoustic coupling is 
referred to as spatial crosstalk characteristics. Moreover, in the 
reproduction system, when sound waves being reproduced from the 
one loudspeaker, are directly transmitted to the ear of a listener to 
whom the sound waves are supposed to be conveyed, the 
characteristics are referred to as spatial direct characteristics 
[0072] 

In the left part of Fig. 7, given that a signal for driving an i-th 
loudspeaker as the direct component, in the reproduction system, is a 
driving signal SDi; in the reproduction system, a signal being 
emitted from the i-th loudspeaker, a loudspeaker's emission signal 
Si; a transfer function (in-casing direct characteristic) for the driving 
signal SDi of an i-th channel, as altered by loudspeaker and amplifier 
characteristics, etc. until emitted from the i-th loudspeaker, a 
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transfer function Hii; and a transfer function (in-casing crosstalk 
characteristic) for the driving signal SDi of the i-th channel as 
altered by acoustic couplings until emitted from the j th loudspeaker, 
a transfer function Hij. Similarly, in the right part of Fig. 7, given 
that a transfer function (spatial direct characteristic) for the 
loudspeaker's emission signal Si, as being via space until arriving at 
an i-th listener's ear is Wal a transfer function (spatial crosstalk 
characteristic) for the loudspeaker's emission signal Si, as altered by 
acoustic couplings until arriving at the listener's j-th ear is Wij. 
Loudspeaker's emission signals S, driving signals SD, an in casing 
transfer function H, and a spatial transfer function W, as shown in 
Fig. 7 are given as Equation 16. 
[0073] 

Equation 16 
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The emitting signals S and signals E arriving at the listener's 
ears, in this case, are each expressed by Equation 17. 
[0074] 
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Equation 17 
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Equation 17 shows that the signals E arriving at the listener's 
ears are complex signals having the in-casing crosstalk components 
and the spatial crosstalk components. Fig. 8 is a conceptual 
diagram illustrating a crosstalk canceller for canceling crosstalk 
components as shown in Fig. 7. In Fig. 8, Xi, Vij, and Gij are input 
signals, in-casing crosstalk canceling filters, and spatial crosstalk 
canceling filters, respectively. These are expressed by Equation 18. 
[0075] 
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Equation 18 
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The filtering characteristics of G and V in Equationl8 are 
expressed as, e.g., Equation 19. 
[0076] 

Equation 19 
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where in Equation 19, Wij is a cofactor of the component(ij) of a 
matrix W, Hij being a cofactor of the component(ij) of a matrix H. 

Processing through the configuration in Fig. 8 results in the 
driving signals SD as in Equation 20. 
[0077] 

Equation 20 
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Sd-GVX 

^21 9 ^22 *"> ^2JV 



1 ^12 * ** " ' 

w w w 

21* 22' » ZN 



x 2 



Accordingly, the, signals E arriving at the listener's ears are 
expressed by Equation 21. 
[0078] 

Equation 21 



E-WHSd 

- WHGVX 

w l29 w n ,.-,w N2 



W Vf9 W ZN9 "' 9 W NN H 1N9 H 2N9 -- 9 H Mi H Nl9 H N29 -~,H lw W Hl9 W N2 ,-- 9 



^11 * ^12 >' * * * ^1JV 
^^21 9 ^^22* •' ' * ^^2N 



detH,0, ",0 
0,detH,0.—,0 



0,-AdetH 



-detH 



-detH 



detW,0,-sO 
O.det W,0.-,0 



W a» W i2»*"» W iiv 
Wj, , Wjj, • • • , Yf 2N 



AW 



*2 



*1 



0,—AdetW 
-(detHXdetW)X 

where (detH)X=Y, Y is a signal through the processing step 
that reduces a spatial crosstalk to be generated in regard to the input 
signal in a space ranging from loudspeakers to the listener's ears. 

As seen from Equation 21, it can be understood that detH and 
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detW are coefficients having a frequency characteristic, the signals E 
that are signals reproduced by processing as shown in Fig. 8, 
arriving at the listener's ears, to which the characteristics of detH 
and detW are added, however, the in casing crosstalk and spatial 
5 components are eliminated. Here, in the case of achieving 
three-dimensional acoustic image localization, even when a plurality 
of loudspeakers is present, it is known that the phase and amplitude 
differences between a plurality of signals are important. According 
to Equation 21, since the plurality of signals described above 

10 undergoes a similar extent of transformation, the relationships of 
each signal's phase and amplitude differences are maintained, and 
satisfactory stereophonic effects can be obtained. Namely, when 
input signals X are expected to present stereophonic effects at a 
plurality of the left/right ears, the combination of a means for 

15 canceling spatial crosstalk and a means for canceling in-casing 
crosstalk can produce three-dimensional sound image localization 
that has not been conventionally produced in mobile terminals. 
When the signals E being conveyed to the listener's ears are desired 
to agree with the input signals X, a filter, with the transfer function 

20 of l/(detH*detW), corresponding to the number of signals, i.e., only N 
in this case, may be implemented posterior to the processing of Fig. 
8. 

[0079] 

It should be noted that when in-casing transfer functions Hii 
25 and Hij, are common with each other, or when those are considered to 



be so approximate that they are assumed to be common with each 
other, it can be assumed that Ha = Hd and Hij=Hx. As a result, 
when loudspeakers are symmetrically arranged in the mobile 
terminal, manufacturing costs can be reduced by providing 
commonality to the transfer functions. 
[0080] 

Furthermore, when spatial transfer functions Wa and Wy, are 
common with each other, or when those are considered to be so 
approximate that they are assumed to be common with each other, it 
can be assumed that Wu = Wd and Wy =Wx. As a result, when mobile 
terminals are manufactured assuming that a listener is positioned 
centrally in front of a pair of loudspeakers, manufacturing costs can 
be reduced by providing commonality to the transfer functions. 
[0081] 

Furthermore, in some cases, the transfer function Hy may 
include loudspeaker characteristics, in addition to acoustic couplings 
inside the casing. The operation of a three-loudspeaker 
reproduction system will be specifically described as belo.w. First, 
for three loudspeakers, signals S being emitted from the 
reproduction system, driving signals SD, the in casing transfer 
function H, the spatial transfer function W are given as Equation 22. 
[0082] 
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Equation 22 
S - [SpSj^aF 
Sd -[Sd t ,Sd 2 ,SdJ 



H- 



W 



^11' ^21 > ^31 

TV W W 
rr lt» ^21^31 



where the in-casing crosstalk canceling filter G and the spatial 
crosstalk canceling filter V are expressed as, e.g., Equation 22. 
[0083] 

Equation 23 
V- W 21 ,W 22 ,W 23 

W 31> W 32> W 33 

f 12^33 - W^Wyj , H^, - Wtf W 3l , ^11^32 ~ ^12^31 
^12^23 ~ ^13^22 > ^11^23 ~ ^13^21 > ^11^22 ~ ^12^21 



^IP ^12> ^13 
H 31> H 32»H33 

^22^33 ^23^32 > ^21^33 " " 23^31 » ^21^32 ~ ^22^31 

^12^33 ~^i3#32 >H u Hyy - H^H^H^H^ -H n H 31 



When, based on the configuration of Fig. 9, the processing is 
implemented by the filtering characteristics of Equation23, the 
driving signals SD are expressed as Equation 24. 
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[0084] 

Equation 24 
Sd-GVX 

^31 * ^32^33 



» » ^13 
^^21 » ^^22> ^^23 

W 31 , W^, 



*3 



Thus, signals E arriving at the listener's ears are expressed by 
Equation 25. 
[0085] 

Equation 25 



E-WHSd 
-WHGVX 

^11*^21>^^1 

ru/ 12/ u/ 
,T 11» ,T 21» ,T 31 

- Wi2»^22>^32 

-detH W^W^W^ 

detW,0,0 
• detH 0,det W,0 

0,0, del W 
-(det HXdet W)X 



^ XI * ^22 » ^ 32 
^13 » ^23* ^33 

detH,0,0 
0,detH,0 

0,0, del H 



^ll>^i2»^3tf 
H 2i » ^22*^23 

Hai, 1133,1133 

W m W i2> W n 
Wj,, W^, W 0 

^31»^32> ^33 



W 11> W 12> W 13 

^^21 * ^^22 9 ^^23 
Wj 1 ,Wj 2 ,W33 



x 2 



x 2 



W 31> W 32» W 33 



x 3 



where (detH)X=Y, Y is a signal through the processing step 
that reduces a spatial crosstalk to be generated in regard to the input 
signal in a space ranging from loudspeakers to the listener's ears. 
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- H^HjJIyy + H 13 // jj// tt - H , 3 // 22// 3l 

det w - w u wy*33 - H^wy*^ + w 12 w 23 w 31 

It can be understood that detH and detW are coefficients 
having frequency characteristics, and signals E that are signals 
reproduced by processing as shown in Fig. 9, arriving at the 
listener's ears, to which the characteristics of detH and detW are 
added, however, the in-casing and crosstalk spatial components are 
removed. When the signals E arriving at the listener's ears are 
desired to be thoroughly made coincident with the input signals X, a 
filter with characteristics of l/(detH*detW), corresponding to the 
number of signals, i.e., only three in this case, may be implemented 
anterior/posterior to the processing as shown in Fig. 9. 
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